Abstract: Thick piles of basalt of middle Miocene Aosawa Formation are spread exten sivelyin the underground of the Yurihara Oil and Gas Field, back-arc side of the NE Japan arc. Another nearly correlative basalt (Taikura Basalt Member of Hatamura Formation) is ex posedlocally on a hilly land to the east of the oil and gas field. These two basalts show some significant difference in thickness, lithofacies, environment of eruption and petrological char acteristics.
Introduction
Fair amount of oil and gas is reserved in basaltic rocks of the Aosawa Formation in Yurihara Oil and Gas Field, southeastern part of Akita Prefecture (Fig. 1) . The formation is correlated to the upper part of the DaijimaNishikurosawa stage (17-13Ma ) of middle Miocene, and consists of large amount of bas altlava and volcaniclastic rocks. Recently, the basaltic rocks of Aosawa Formation and its correlatives have had much attention for oil and gas prospecting, and many exploratory wells are drilled to these formations. Further more,this middle Miocene basaltic rocks are considered to have an important role in the formation of the Akita-Yamagata oil field ba sin (IKEBE, 1962; KONDA, 1977; OHGUCHI, 1983) . However, volcanological and petrologi calstudy has not been carried out in detail on these latent basaltic rocks. The objective of this study is to document geological and petrological features about this latent basal ticrock and the nearly correlative basalt (Taikura Basalt Member in the Hatamura For mation)in the eastern hill. We also wish to consider on the tectonic setting of the basalt magmatism and on the development of the oil field basin.
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3.
Outline of Geology
The study area is situated along the Dewa Hill, southern Akita Prefecture on the Japan Sea side of northeastern Japan (Fig. 1) . The area belongs geologically to the southern part of the Akita oil field area and in so-called Green Tuff region. Previous workers (IKEBE, 1962; KATAHIRA, et al., 1977; OHGUCHI, 1983 Fig. 1 Index map of the study area and location of exploratory wells in and around the Yurihara Oil and Gas Field.
Circle with dot: localities of exploratory wells
Cross: localities of rock samples in Table 3 ( 2) and OZAWA, et al., 1979 and 1982) by prevalence of N-S or NNW-SSE trending folds and faults (Fig. 1) . The Toritame Faults, highly inclined reverse faults, have brought up the Oligocene to middle Miocene strata of the eastern part of the area (Fig. 2) . These faults as well as Nikaho Thrust Faults are the most significant tectonic structures in the study area.
Stratigraphy
and lithofacies of the middle Miocene basaltic rocks 4.1 Aosawa Formation The Aosawa Formation is confirmed in many boreholes in the study area and extends widely in the underground of the western and central part of the study area ( Fig. 1 and 2) . Most of the boreholes is located in the Yurihara Oil and Gas Field, and penetrate the formation about 900m in thickness. These boreholes, how ever,mostly could not bottom at the lower limit of the formation in the oil and gas field. In Honjo City, Ishiwaki SK-1 (Fig. 1 ) penet ratesthe basaltic rocks in the interval of 1500 m. Considering all geological and geophygical information, the thickness of the Aosawa For mationis estimated to be 1500m.
The Aosawa Formation thought to be depos itedcontemporaneously with the Hatamura and Sugota Formations, and consists of basalt lava flows and volcaniclastic rocks intercalat edwith acid tuff and dark gray mudstone. In Table 1 Stratigraphic sequence of Cenozoic in the study area (OZAWA et al., 1988) .
Basalt MemberY: Yashiozawakawa, Kanotsume, Oyana and Y amauchi FormationsG: Pre-Miocene granitic rock (F. as F ormation)
the Yurihara Oil and Gas Field, the formation is subdivided into uppermost part (dark gray mudstone and acid tuff) and main part (basal ticrocks). The basaltic rocks of the main part are composed of massive lava, pillow lava, subaqueous volcaniclastic rock (hyaloclastite) and dolerite. The lava flows are abundant in vesicle and each lava flow unit is 5-40m in Fig. 3 Geological map of the eastern part of the study area (5) thickness. The thin intercalation of dark gray mudstone exists in several horizons of the basaltic rocks. Its lithofacies resembles to the mudstone of the uppermost part of this forma tion.The mudstone of the uppermost part yields many planktonic and benthic foraminiferal fossils which indicate bathyal environment, such as Pullenia bulloides and Gyroidina orbi cularis (OZAWA et al., 1988) . The lithof acies and fossil evidence suggest that the basaltic rock of the Aowasa Formation is submarine volcanic products, and that the uppermost mudstone has accumulated under bathyal envi ronment.
4.2 Taikura Basalt Member of the Hatamura Formation The Hatamura Formation is distributed in the eastern area and overlies the Kanotsume and Yashiozawakawa Formations, and is sub dividedinto main part and Taikura Basalt Member (Fig. 3) . The main part is made up chiefly of acid volcaniclastic rock which con tainsvitric welded tuff. Tuffaceous sand stoneand mudstone occur at several horizons of the formation and yields many plant fossils of the Daijima type flora and Balanus sp.
( OZAWA et al., 1979) . The Sugota Formation conformably overlies the Hatamura Formation and consists mainly of sandstone and con glomerate.This Formation contains pebbles of altered andesite, rhyolite, dacite, basalt, and Cretaceous granitic rock and yields many molluscan fossils.
The Taikura Basalt Member in the Hatamura Formation is distributed chiefly in southeast ernpart of the study area ( Fig. 3) , and con sistsmainly of massive lava, volcanic breccia and tuff breccia. This member contains locally vesicular pillow lava and hyaloclastite, but is often accompanied by reddish colored lava and scoria which are subjected to be oxidized. The lithofacies and plant fossils indicate that the Taikura Basalt Member has accumulated in terrestrial area or in shallow water.
4.3 Stratigraphic relation between the Aosawa Formation and Taikura Basalt Member Within the study area, it was confirmed in the borehole Yashima AK-1 that the Aosawa Formation overlies the Yashiozawakawa For mation (Fig. 2 and Table 1 ). While the Hatamura Formation also conformably over liesthe Yashiozawakawa Formation in the eastern part of the study area (Fig. 3) . Furthermore, both the Aosawa and Sugota Formations are conformably overlain by the Onnagawa Formation. The uppermost part of the Aosawa Formation yields planktonic foraminifera of N9-10 (OZAWA et al., 1988) , while the Sugota Formation yields foramini feraof N8-10 (USUDAet al., 1978; OZAWA et al., 1988) . From these facts, the Aosawa For mationis considered to be nearly contempora neouswith the Sugota and Hatamura Forma tions.However, from the K-Ar age of the Taikura Basalt Member (17.5 Ma; KIMURA, 1986), we can not deny the possibility of the Taikura Basalt Member being slight older than the Aosawa Formation.
Petrology
of the basaltic rocks 5.1 Petrographical description Basalt and dolerite samples of the Aosawa Formation were collected from the 9 sites of boreholes (Table. 2). The basalt lava is com posedmainly of olivine basalt, and accompa niedwith olivine-augite basalt, olivine-augitehypersthene basalt, and spilitic basalt. and poor in CaO (Table. 2). As these strongly altered samples scarcely left original plagio claseand pyroxene, the chemical changes in these samples may be larger than other sampies. Fig. 1.1 , 2, 4, 6-8 and 13-16: Olivine basalt; 3 and 5: Olivine-augite dolerite; 10 and 11: Olivine-augite-hypersthene dolerite; 12: Olivine-augite-hypersthene basalt Fig. 4 SiO2-Na2O+K2O, SiO2-TiO2 and SiO2-K2O relationships of the basaltic rocks of the Aosawa Formation and Taikura Basalt Member. AS and SN represent plotted fields of the basaltic rock from Aosawa Formation in the Shonai area (OZAWA et al, 1986 and TSUCHIYA, 1988a) and Sunakobuchi Formation (TSUCHIYA, 1986a), respectively. Open circle is spilitic basalt and strongly altered dolerite (no. 6, 7, 12, 13 and 14) .
In the Aosawa Basalt, the recalculated SiO2 and K2O on water free basis range 49-54 wt% and 0.1-1.0%, respectively. TiO2, which hardly changes during alteration, ranges 1.0-1.4%. The ratio of total FeO (FeO* in short) to MgO ranges 0.9-1.4. On SiO2 versus Na2O+K2O dia gram (Fig.  4) , The basaltic rocks, except spili ticbasalt and strongly altered dolerite, are plotted dominantly near the boundary line be tweenlow alkali tholeiite and high alumina basalt series. The Aosawa Basalt may original lyhave a differentiated trend near this boun daryline. The spilitic basalt and strongly alter eddolerite are plotted chiefly on alkali basalt field because of high sodium contents.
The Taikura Basalt (Table 3) is characteri zedby high contents of TiO2 (mainly 1.5-2.2wt %), K2O (0.4-1.5%) and P2O5 (mainly 0.5-0.7%) and these characteristics are similar to those of alkali olivine basalt. The Taikura Basalt, however, commonly carries quartz and no nepheline in the norm (Fe2O3/FeO=0.2 basis), and its composition in the Na2O+K2O versus SiO2 diagram is plotted chiefly on the high alumina basalt field (Fig. 4 ) . The Taikura Basalt has relatively lower MgO content (4.5-8.0%) and higher range of FeO*/MgO ratio (1.1-2.0) than those of the Aosawa Basalt. The Taikura Basalt shows the trends significant lyrich in TiO2 and K2O in comparison with those of the Aosawa Basalt (Fig. 4) .
Trace elements
Trace elements in the basaltic rocks were determined by the method of instrumental neu tronactivation analysis of TANAKA et al. (1988) , and the results are shown in Table 4 . The appreciable high Cr contents (140-240ppm) as well as low FeO*/MgO ratios indicate that most of the basaltic rocks have not been ex tensivelydifferentiated.
The samples of the Aosawa Basalt have higher Cr and lower incompatible elements (K, Sr, Ba, Hf etc.) than the Taikura Basalt. Chondrite-normalized rare earth element(REE) plots for the Aosawa and Taikura Basalts (Fig. 5) show slightly enrichment in light REE with weak or no Eu anomalies. The Taikura Basalt, differ significantly from the Aosawa Basalt has higher La/Yb ratios which are indicative of the inclinations of REE abundance pattern (Fig. 5) than the Aosawa Basalt. The patterns of the Aosawa Basalt of the study area are nearly parallel to those of the Aosawa Formation in the Shonai area and of the Sunakobuchi Formation (TSUCHIYA, 1988b).
6. Discussion 6.1 Affinity among the basaltic rocks with inthe oil field basin The Aosawa Basalt in the study area is similar The Aosawa Basalt has lower FeO*/MgO ratio and higher Cr content, and is regarded as less differentiated basalt compared with the Taikura Basalt. Thus, the Aosawa Basalt may have been expelled from a source magma with outextensive differentiation to the subsiding oil field basin. The petrological difference bet weenthe Aosawa and Taikura basalt is also clearly shown in the SiO2-K2O diagram (Fig.  4) and REE patterns (Fig 5) . The Aosawa Basalt has lower K2O content (0.31wt%; nor malizedvalue at FeO*/MgO=1.2) than those of the Taikura Basalt (0.74wt%; ditto), as well as La/Yb ratio. Accordingly, the lower K2O and La/Yb basalt erupted on Japan sea side in the study area. This characteristic is different from the Quaternary volcanic rocks in Northeast Japan (KATSUI et al., 1979; AOKI, 1983; FUJIMAKI and KURASAWA, 1980) . SHUTO et al. (1988) recognized that the middle Miocene volcanic rocks had no systema ticincrement of K2O from the outer zone to inner zone in the NE Japan arc. Similar sugges tionwas also presented by KONDA (1977) and OHGUCHI (1983) . This difference between the Aosawa and Taikura Basalts cannot be ac countedfor only the variation in the differentia tionrate, but is probably due to the difference in the source (mantle) of magma or the con ditionof magma generation (KONDA, 1977) .
6.3 Origin and tectonic setting of the basalt volcanism Both the Aosawa and Taikura Basalts have different petrological features from those of the Quaternary basalt of the NE Japan arc. Both are less differentiated and generally rich in TiO2 than the Quaternary basalt, and tholeii ticbasalt occurs in the Japan Sea side. To estimate the origin and tectonic setting of the Aosawa and Taikura Basalts during their vol canism,the chemical data of both the basalts were plotted on some discriminatory diagrams (10) using indicative elements. However, both basalts were altered and some elements were probably migrated through the alteration, so it is necessary to use immobile elements. Ac cordingto the some studies on the migration of elements with alteration in basaltic rocks (COISH, 1977; HUMPHRIS and THOMPSON, 1978; UCHIDA, 1979; WOOD et at., 1979) , the immobile elements are HFS elements (Ti, Hf, Ta) and Cr. While P is also considered to be immobile so long as it is not subject to in tensivealteration or weathering. Discussion should therefore be made with the basalts plot tedon discriminatory diagrams using these im mobileelements.
Also it is necessary to com parethe Quaternary basalt of the NE Japan arc, ocean floor basalt and continental region basalt in thses diagrams.
Comparing with the island arc basalt, the tholeiitic basalt of the ocean floor is rich in TiO2 and shows an increasing trend of TiO2 with differentiation in the TiO2-FeO*/MgO diagram (Fig. 6) . The Aosawa and Taikura Basalts are generally plotted in the field of ocean floor basalt, not in the field of the Nasu Volcanic Zone. In the MnO-TiO2-P2O5 diagram (Fig. 7) by MULLEN (1983) , the Aosawa Basalt is plotted near the boundary of island arc tholeiite and MORB (Mid-oceanic ridge basalt). This basalt is slightly deviated from the field of the tholeiitic basalt of the Nasu Volcanic Zone, and occupies a field near the basalt of the Mariana Trough (HAWKINS and MELCHIOR, 1985) and the Cenozoic tholeiitic basalt of the Rio Grande Rift in western U.S.A. (AOKI, 1967a; YOSHIDA and AOKI, 1986) . The Taikura basalt is plotted in the field of the Ocean island alkali basalt and is close to the alkali olivine basalt of the Rio-Grande Rift (AOKI, 1967b; YOSHIDA and AOKI 1986) . In the Ti-Cr diagram (Fig. 8; ISHIZUKA, 1981) , the Aosawa basalt is plotted in abyssal tholei itefield, while the Taikura basalt is plotted in close to the boundary of the abyssal tholeiite and ocean island tholeiite. In the Hf-Th-Ta diagram ( Fig. 9; WOOD et al., 1979) , they are plotted mainly in the fields of enriched-MORB and within-plate basalt. The foregoing results show that both the Aosawa and Taikura , 1967a, b; YOSHIDA and AOKI, 1986) . (11) basalts have different features from the is landarc basalt and have the same features as the basalts of the ocean floor and Rio Grande Rift.
The Aosawa basalt is tholeiitic basalt which erupted voluminously in the rapidly subsiding basin during middle Miocene age. This fact also has been pointed out in some significant studies (KONDA, 1977; OHGUCHI, 1983) . On the other hand, the Taikura basalt erupted outside the subsiding basin at the same time or immediately before the Aosawa Basalt volca nism,and is rich in TiO2 and alkali compared to the Aosawa Basalt. Both the basalts have similarity to the basalt of the back-arc basin and rift zone in their mode of occurrence and petrochemical features. In addition, it is con sideredthat the tectonic condition during Miocene age in the back-arc region of NE Japan arc was under tensional stress of the NW-SE direction (SATO et al., 1982) . That is, in the study area, the basalt magmatism took under tensional tectonic condition to form the tholeiitic basalt in the subsiding basin and the more alkalic basalt in the east of the basin. Such cases as these are noted in the rift zones in the western U. S. A. (HART et al., 1984; LIPMAN, 1969) . Thus, the volcanism of the Aosawa and Taikura Basalts probably took place accompanying the rift tectonics in the back-arc region of the NE Japan arc during middle Miocene age.
TSUCHIYA (1988a. b) examined the mode of distribution and chemical compositions of the middle Miocene basalts over the whole area of the Akita-Yamagata oil field region and point edout the similarity with the basalts of the Mariana Trough and Rio Grande rift. As des cribedabove, the Aosawa and Taikura Basalts are also similar in the modes of occurrence and petrological feature to the basalts in these rift regions, and these facts suggest that the oil field basin was formed by back-arc rift ingduring middle Miocene age.
Conclusion
The Aosawa and Taikura Basalts show some significant differences in mode of occurrence and petrological features.
The Aosawa Basalt was accumulated voluminously on the submarine basin and was covered with deep marine mudstone. This basalt con sistsof relatively undifferentiated (total FeO/ MgO=0.9-1.4) tholeiitic basalt and may have been expelled on the subsiding basin from its source magma without extensive differentia tion.Furthermore, the Aosawa Basalt has some similarities in mode of occurrence and Fi g. 9 Hf-Th-Ta discrimination diagram (WOOD et al., 1979) 
